We present spectroscopic observations of the massive early type system V745 Cas, embedded in a multiple star system. The brightest star of the system is the eclipsing binary V745 Cas with an orbital period of 1.41 days. The radial velocities of both components and light curves obtained by IN T EGRAL and Hipparcos missions were analysed. The components of V745 Cas are shown to be a B0 V primary with a mass M p =18.31±0.51 M ⊙ and radius R p =6.94±0.07 R ⊙ and a B(1-2) V secondary with a mass M s =10.47±0.28 M ⊙ and radius R s =5.35±0.05 R ⊙ . Our analysis shows that both components fill their corresponding Roche lobes, indicating double contact configuration. Using the UBVJHK magnitudes and interstellar absorption we estimated the mean distance to the system as 1700±50 pc. The locations of the component stars in the mass-luminosity, mass-radius, effective temperaturemass and surface gravity-mass are in agreement with those of the main-sequence massive stars. We also obtained U BV photometry of the three visual companions and we estimate that all are B-type stars based upon their de-reddened colours.We suspect that this multiple system is probably a member of the Cas OB4 association in the P erseus arm of the Galaxy.
INTRODUCTION
The number of eclipsing massive binary stars, having M > 9 M ⊙ , is small in comparison to lower mass systems (Gies (2003) , Hilditch et al. (2005) , Massey et al. (2012) , Moe & Di Stefano (2013) , Sana et al. (2013) ). Massive stars are usually formed in OB associations. It is well known that massive stars evolve faster and are of interest as progenitors of neutron stars and black holes. The evolutionary paths of massive binaries depend on processes related to mass transfer between the components and mass loss via stellar wind from one or both components. Consequently, in order to better understand the physics of binary systems and test the predictions of theoretical models, it is thus important to quantitatively analyse the properties of massive binary systems with well-constrained orbital parameters. In this context studies of the rare early B-type massive stars has major highlights for understanding formation mechanism and evolution of massive binaries. Torres et al. (2010) collected accurate fundamental parameters, for the 95 double-lined detached binary systems. The number of binary systems with masses and radii determined to an accuracy of better than 3% decreases towards the massive stars. The number of systems with at least one component more massive than 9 M ⊙ does not exceed ten (Torres et al. 2010) . Therefore, we initiated a spectroscopic study for the close binary systems which include high mass stars located in the upper left-hand corner of the Hertzsprung-Russell diagram.
V745 Cas (HD1810, HIP 1805, WDS J00229+6214AB, V=8.11, B-V=0.06) is the brightest star of a multiple star system. WDS J00229+6214 consists of five stars. The angular distances of B, C, D and E from the brightest star A are given in the Washington Double Stars Catalog 1 as 9.5, 23.2, 44.9 and 57.8 arcseconds, respectively. The visual apparent magnitudes of the stars A, B, C, D, and E are also estimated as 8. 12, 11.13, 10.8, 12. 14 and 12.85 mag. Despite its relative brightness, V745 Cas has not been comprehensively studied yet. The first spectral classification for V745 Cas (B0 IV) has been dating back to Morgan, Whitford, & Code (1953) . Haug (1970) gives V=8 m .19, (B-V)=0 m .08, while Guetter (1974) gives V=8 m .16, (U-B)=-0 m .83 and (B-V)=0 m .05.
Its radial velocity, averaging V=-50 km s −1 , was found to be variable by Sanford & Merrill (1938) , Wilson (1953) , Petrie & Pearce (1961) , and Evans (1967) . V745 Cas is listed in the optical pairs by Meisel (1968) who estimated the spectral types of the A and B components as B0 IVp and A9 V with a magnitude difference of 1.5 mag. Reed (2003) The light variability of V745 Cas has been discovered thanks to the Hipparcos satellite mission 1 http://ad.usno.navy.mil/wds/ c 0000 RAS, MNRAS 000, 000-000 V745 Cassiopeia: an interacting young massive binary in a multiple star system 3 (Perryman et al. 1997) . The H p magnitudes at the maximum and minimum light of the brightest V745 Cas is located in the sky in the vicinity of the Cas OB4 and Cas OB14 associations.
While the star was not included as a member of Cas OB4 association by Humphreys (1978) and Garmany & Stencel (1992) , it is included into the list of members of Cas OB4 by Mel'nik & Efremov (1995) and Mel'nik & Dambis (2009) . These associations are located in the Perseus arm of the Galaxy. Many estimates have been made about their distances to the Sun. These estimates indicate that the Cas OB14 association is closer to the sun having a distance of about 1 kpc, which is less than half the distance of Cas OB4.
This paper is organized as follows. We present new spectroscopic observations and radial velocities of both components of the eclipsing pair. By analysing the INT EGRAL and Hipparcos missions' light curves and the new radial velocities we obtain orbital parameters for the stars. Combining the results of these analyses we obtain absolute physical parameters of both components.
In addition, we conclude with a discussion of the system's evolutionary status.
SPECTROSCOPIC OBSERVATIONS AND DATA REDUCTIONS
Optical spectroscopic observations of V745 Cas were obtained with the Turkish Faint Object Spectrograph Camera (TFOSC) attached to the 1.5 m telescope from January 2 to August 28, 2012, under good seeing conditions. Further details on the telescope and the spectrograph can be found at http://www.tug.tubitak.gov.tr. The wavelength coverage of each spectrum was 4000-9000Å in 12 orders, with a resolving power of λ/∆λ ∼7 000 at 6563Å and an average signal-to-noise ratio (S/N) was ∼120. We also obtained high S/N spectra of early type standard stars 1 Cas (B0.5 IV), HR 153 (B2 IV), τ Her (B5 IV), 21 Peg (B9.5 V), and α Lyr (A0 V) for use as templates in derivation of the radial velocities.
The data reduction was performed using the echelle task of IRAF 4Ö. Ç akırlı et al. (Simkin 1974) following the standard steps: background subtraction, division by a flat-field spectrum given by a halogen lamp, wavelength calibration using the emission lines of a Fe-Ar lamp, and normalization to the continuum through a polynomial fit. Heliocentric corrections were computed using the IRAF RVSAO.BCVCORR routine and were taken into account in the subsequent radial velocity determination.
Radial Velocities
Radial velocities of the components were measured by cross-correlation with the FXCOR task in IRAF (Simkin (1974) , Tonry & Davis (1979) ). The standard stars with known radial velocities, given in previous section, were used as templates. The standard stars' spectra were synthetically broadened by convolution with the broadening function of Gray (1992) . The cross-correlation with the standard star 1 Cas gave the best result. The spectra showed two distinct cross-correlation peaks at the quadratures, one for each component of the binary. Since the two peaks appear blended, a double Gaussian fit was applied to the combined profile using de-blend function in the task.
The cross-correlation technique was applied to four wavelength regions with well-defined absorption lines of the primary and secondary components. These regions include He I lines at λ4471
(in the 9th order), λ5876 (in the 3rd order), λ6678 (in the 3rd order), and λ7065 (in the 2nd order) dominant in early B-type stars. Here we used as weights the inverse of the variance of the radial velocity measurements in each order, as reported by FXCOR. We have been able to measure radial velocities of both components with a precision better than 10 km s −1 extracted from the FXCOR.
The Balmer lines were not used in the measurements of radial velocities due to their extremely Stark-broadened and rotationally broadened profiles.
The heliocentric radial velocities for the primary (V p ) and the secondary (V s ) components are listed in Fig. 1 show the computed curves. 
4.348±0.056 7.608±0.083
Fundamental stellar parameters, such as projected rotational velocity (v sin i), spectral type (Sp), luminosity class, effective temperature (T ef f ), surface gravity (log g), and metallicity ([Fe/H]) may be determined from the mid-resolution optical spectroscopy.
The projected rotational velocities
Projected rotational velocities of early-type stars were determined usually by means of various methods: the full-width-at-half-maximum (FWHM) method (Abt et al. 2002) , the goodness-offit (GOF ) method (Conti & Ebbets 1977) , the cross-correlation-function (CCF ) method (Penny 1996) , the Fourier transform (F T ) method (Gray 1976) , and the iacob−broad method (Simón-Díaz & Herrero 2014), based on a combination of GOF and FT methodologies.
We used the CCF -method for measurement of the individual projected rotational velocities 
The spectral classification
Spectral types of the components were first estimated by comparison both with our standard stars' spectra and also with templates taken from the Valdes et al. (2004) Indo−U.S. Library of Coude F eed Stellar S (with a resolving power of about R=3600) that are representative of stars with various metallicities, spectral types from late-O type to early-A, and luminosity classes V, IV, and III.
We have performed a spectral classification for the components of the system using COMPO2, c 0000 RAS, MNRAS 000, 000-000
V745 Cassiopeia: an interacting young massive binary in a multiple star system 7 an IDL (INTERACTIVE DATA LANGUAGE RSI) code for the analysis of the spectra of SB2 systems written by Frasca et al. (2006) . This code, similar to the SYNTHE code (Kurucz & Avrett 1981) , was adapted to the TFOSC spectra of the binary systems. This code searches for the best combination of two standard-star spectra able to reproduce the observed spectrum of the system.
We give, as input parameters, the radial velocities and projected rotational velocities v sin i of the two components, which were already derived. The code then finds, for the selected spectral region, the spectral types and fractional flux contributions that better reproduce the observed spectrum, i.e.
which minimize the residuals in the collection of difference (observed − constructed) spectra.
The atmospheric parameters of the reference stars given by Valdes et al. (2004) were recently revised by Wu et al. (2011) . For this task we selected about 200 single-star' spectra spanning the ranges of expected atmospheric parameters, which means that we have searched for the best combination of spectra among 39204 possibilities per each spectrum.
The observed spectra of V745 Cas around the λλ4471, and 6678 spectral lines were best represented by combination of the spectra of HD 34816 (B0.5 V, log g=3.91) and HD 184915 (B1.5 III, log g=3.40). We have derived the spectral types for the primary and secondary component of 
is independent of interstellar extinction. The average value of the ratio (E (U −B) /(E (B−V ) ) is 0.72±0.03 (Johnson & Morgan (1953); Hovhannessian (2004) ).
We compute the reddening-free index from the data of Guetter (1974) as Q=−0.866±0.014. The Q − values were calculated by Hovhannessian (2004) begining from O8 to G2 spectral types for the luminosity classes between main-sequence and supergiants. The Q−Sp calibration yields an approximate spectral type of the system as B0 with a range from O9 to B1. The spectral classification from the spectra and photometric indices are quite consistent.
In addition, infrared colors J−H=−0.057±0.064, H−K=0.015±0.062 mag are given in the 2MASS catalog (Cutri et al. 2003) . These indices confirm spectral classifications made by spec- 
ANALYSES OF THE LIGHT CURVES

Light Curve Constraints
The first photometric observations of V745 Cas were made by the Hipparcos mission and 144 H p magnitudes were listed by van Leeuwen (2007) . These magnitudes were obtained in a time interval of about three years. The average accuracy of the Hipparcos data was given as σ Hp ∼ 0.01 mag.
The light variation from peak-to-peak is about 0.12 mag. However, we have estimated a scatter of about 0.022 mag at the maxima and within the primary minimum. The scatter at the secondary eclipse is slightly larger, amounting to 0.028 mag. However, existence of such a variation should be checked by precise multi-passband photometric observations.
We have measured the magnitude difference between the A and B components of the visual pair as 3.13 mag (see Chapter 4) in the V-passband. This difference is slightly larger than the dif- The Roche geometry, sensitive to the mass-ratio, is used to represent the tidal deformation of the two stars. One of the main difficulties in this modelling is determination of effective temperature of the primary star and the mass-ratio of the system. Effective temperatures of both stars could already be determined from the spectra. In addition the mass-ratio, which is the second key-parameter for the modelling, was also obtained from the radial velocities of the stars.
Linear limb-darkening coefficients were interpolated from the tables of van Hamme (1993).
They are updated at every iteration by P HOEBE. The gravity-brightening coefficients g 1 =g 2 =1.0 and albedos A 1 =A 2 =1.0 were fixed for both components, as appropriate for stars with radiative atmospheres. 
Light Curve Solutions
We started with the Mode − 2 of the Wilson-Devinney code, referring to the detached Algols for the analysis of light curves as described by Wilson (2006) . The adjustable parameters in the light curve fitting were the orbital inclination (i), the effective temperature of the secondary star (T ef f 2 ), the potentials (Ω 1 and Ω 2 ), the luminosity of the primary (L 1 ), and the zero-epoch offset.
The parameters of the solution are tabulated as Mode − 2 in Table 4 . The effective temperature, fractional luminosity and fractional radius of the secondary are about 14 000 K, 0.17, and 0.38, respectively. The effective temperature and fractional luminosity are too small, nearly half, when compared to the values estimated from the spectra. We obtain an inclination of about 43.7 degrees which yields masses of about 22 and 13 M ⊙ for the primary and secondary star respectively. When the volumes of the stars are compared with their corresponding Roche lobes we see that while the 12Ö. Ç akırlı et al.
primary fills up its lobe the secondary star overflows its lobe. Since the configuration is inconsistent with the detached assumption the results of the analysis are taken to be unacceptable.
Next, we tried Mode − 3 (for overcontact systems, the stars are in geometrical contact without being in thermal contact). The adjustable parameters were i, T ef f 2 , and L 1 . The results of the analysis are presented in the third column of Table 4 . Analysis with this mode yields higher i, T ef f 2 , and L 2 but lower fractional radius for the secondary star. Although the sum of residuals squared is slightly larger from that obtained in Mode − 2 these results are in agreement with those obtained from the spectra. However, comparison with the Roche lobes shows that both components are in contact with their inner Roche lobes, which is inconsistent with the assumption of overcontact configuration. In other words, the solution clearly reveals a fill-out factor f =(Ω in − Ω)/(Ω in − Ω out )=0, corresponding to the contact configuration.
The results of the analyses using Mode−4 (primary star fills its lobe) and Mode−5 (secondary star fills its lobe) were given in the fourth and fifth columns of Table 4 
RESULTS AND DISCUSSION
Combining the results of radial velocities and light curve analyses we have calculated the absolute parameters of the stars. Separation between the components of the eclipsing pair is calculated as a=16.21±0.14R ⊙ . The fundamental stellar parameters for the components such as masses, radii, luminosities are listed in Table 5 to the distances of 1 703±63 and 1 697±38 pc. As a weighted mean, we find the distance to the system as 1 700±50 pc.
Our line-of-sight passing through the binary system V745 Cas traverses first the P erseus arm of the Galaxy and then the distant Cygnus arm. The mean residual radial velocity and Galactocentric distance of the OB-associations in the P erseus region, including Cas OB4, were given as Mayer1 (Kharchenko et al. 2005) , King 14 (Netopil et al. 2006) , NGC 103 (Phelps & Janes 1993) , NGC 129 (Turner et al. 1992 ) and NGC 146 (Subramaniam et al. 2005) , respectively. The derived systemic velocity, reddening and distance of V745 Cas agree quite well with those values of NGC 129.
We have observed the components A, B, C and D of the multiple stellar system (WDS J00229+6214) simultaneously using the 100 cm telescope of the Turkish National Observatory of Turkey. We c 0000 RAS, MNRAS 000, 000-000 V745 Cassiopeia: an interacting young massive binary in a multiple star system 15 used the A-star as a reference for which UBV magnitudes are known. The photometric observations were made when the component A was at maximum light. The wide-band UBV magnitudes of the components B, C and D were obtained with respect to the component A and are presented in Table 6 . The standard deviations of the measurements are about 0.01 mag. The apparent visual magnitude for C-star with a separation of 23.2 arcsec was given in the WDS catalogue as 10.8 which is inconsistent with that we determined. We suspect that the C-star may be variable in brightness. Using the Johnson Q−method we determined the spectral types of the stars as B3, B8
and B7 for B, C and D, respectively. According to this classification the interstellar reddening for B and C is similar with that of the eclipsing pair. However the D star appears to have the largest reddening, amounting to E(B-V)=0.60 mag. Such a result is expected because the reddening may vary from region to region in the association depending on the density of molecular clouds. V745 Cas is one of a few massive contact binaries, namely TU Mus, V382 Cyg, and LY Aur (Penny et al. 2008) . The masses of the components as well as the orbital period are very similar to that of TU Mus. As pointed out by Penny et al. (2008) the observed mass ratios of the contact systems are slightly higher than those of the semi-detached systems. The components of the contact systems have similar spectral types (within one spectral type of each other) and luminosity classes. Wellstein et al. (2001) presented evolutionary calculations for 74 systems considering case A and B scenarios. Our analyses indicate that V745 Cas is a contact system. Both components have nearly the same luminosity class and almost identical surface gravities, as given in Table 5 . Therefore, the system is most probably undergoing case A evolution. its Roche lobe fairly early in its evolution. Rapid mass transfer from the more massive star to the less massive star occurs, the orbital period decreases which causes the loser star to overflow at a faster rate. Large increase in mass of the gainer star and smaller orbit cause it to expand and reach its Roche lobe. The orbit of the binary continues to shrink until the gainer star is more massive. Then the mass transfer after this point causes the orbit to expand, leading to a longer orbital period. Fast case A mass transfer still continues until the loser is much less massive. Since the ratio of mass in the core to that of the envelope of the loser is increasing this causes its radius to increase. Finally the gainer expands and reaches to the Roche lobe due to the increase in mass.
Thus a contact system, similar to V745 Cas, is formed.
In Fig. 6 we show the correlations between luminosity-effective temperature, mass-luminosity, be taken as an indicator that mass-exchange between the components or mass-loss from them did not yet lead to a significant change on their radii and effective temperatures.
CONCLUSION
V745 Cas is one of the rare early type contact systems with massive components. Analysis of the radial velocities and light curves yielded absolute parameters of the components. The components are classified as B0V and B(1-2)V spectral types with masses of 18.31±0.51 and 10.47±0.28 M ⊙ .
Comparison with the evolutionary models and with the parameters of detached massive binaries
show that both components are still close to the zero-age main-sequence. Although the components of V745 Cas are in contact with their Roche lobes they locate on the main-sequence band. Using our estimation of E(B-V) and A v we determined a distance of about 1700±50 pc which is in agreement with the distance estimations of the Cas OB4 association. We also observed V745 Cas, the brightest component of the multiple star system with the other components simultaneously.
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These observations indicate that the components B, C and D are also massive stars with spectral types of B3, B8 and B7.
